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ABSTRACT 

There are provided a display panel with a touch detector that 
allows the touch detection electrodes to be less visible, a 
touch panel, and an electronic unit having the display panel 
with a touch detector. The display panel with a touch detector 
includes: a display layer including a plurality of display ele 
ments arranged side by side; and an electrode layer alter 
nately segmented into first regions and second regions along 
a first direction, the electrode layer including a plurality of 
first slits arranged side by side to extend in a second direction, 
and a plurality of second slits each allowing an adjacent pair 
of the plurality of first slits in the second regions to be in 
communication with one another. 
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DISPLAY PANEL WITH TOUCH DETECTOR, 
TOUCH PANEL, AND ELECTRONIC UNIT 

CROSS REFERENCES TO RELATED 
APPLICATIONS 

0001. The present application is a Continuation of appli 
cation Ser. No. 13/426,783, filed Mar. 22, 2012, which claims 
priority to Japanese Patent Application.JP 2011-096021 filed 
in the Japanese Patent Office on Apr. 22, 2011. The entire 
contents of these applications are incorporated herein by ref 
CCC. 

BACKGROUND 

0002 The present disclosure relates to a display panel 
with a touch detector having a function of detecting a touch 
event due to an external proximity object based on a change in 
capacitance, a touch panel, and an electronic unit having the 
display panel with a touch detector. 
0003 Recently, a display panel has been notified, where a 
touch detection device, a so-called touch panel, is mounted on 
a display Such as a liquid crystal display, or the touch panel is 
integrated with the display, and various button images and the 
like are displayed on the display for inputting information, 
instead of typical mechanical buttons. Such a display panel 
having the touch panel does not need an input device such as 
a keyboard, a mouse, and a keypad and therefore tends to be 
expansively used not only for computers but also for handheld 
information terminals such as mobile phones. 
0004. A type of the touch panel includes several types such 
as an optical type and a resistant type. In particular, a capaci 
tance-type touch panel has been promising as a device allow 
ing low power consumption with a relatively simple structure. 
For example, Japanese Unexamined Patent Application Pub 
lication No. 2010-197576 discloses a display with a touch 
detector having a plurality of counter electrodes (drive elec 
trodes) and a plurality of detection electrodes (touch detec 
tion electrodes) crossing the counter electrodes, which 
detects a touch event based on a change in capacitance, 
formed at each of the intersections of the counter electrodes 
and the detection electrodes, due to an external proximity 
object. In the display with a touch detector, for example, the 
touch detection electrodes are arrayed at a pitch a natural 
number times as large as a pitch of arranged pixels, and 
therefore the touch detection electrodes are allowed to be less 
visible. 

SUMMARY 

0005. In such a touchpanel, the touch detection electrodes 
are desirably Substantially not visible, and are promisingly 
further less visible. 

0006. It is desirable to provide a display panel with a touch 
detector that allows the touch detection electrodes to be less 
visible, a touch panel, and an electronic unit having the dis 
play panel with a touch detector. 
0007 According to an embodiment of the disclosure, 
there is provided a display panel with a touch detector, includ 
ing a display layer including a plurality of display elements 
arranged side by side; and an electrode layer alternately seg 
mented into first regions and second regions along a first 
direction, the electrode layer including a plurality of first slits 
arranged side by side to extend in a second direction, and a 
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plurality of second slits each allowing an adjacent pair of the 
plurality of first slits in the second regions to be in commu 
nication with one another. 
0008 According to an embodiment of the disclosure, 
there is provided a touch panel including an electrode layer 
alternately segmented into first regions and second regions 
along a first direction, the electrode layer including a plurality 
of first slits arranged side by side to extend in a second 
direction, and a plurality of second slits allowing the adjacent 
first slits in the second regions to be in communication with 
one another. 
0009. According to an embodiment of the disclosure, 
there is provided an electronic unit including a display panel 
with a touch detector, and a control section that performs 
operation control using the display panel with a touch detec 
tor, the display panel including: a display layer including a 
plurality of display elements arranged side by side, and an 
electrode layer alternately segmented into first regions and 
second regions along a first direction, the electrode layer 
including a plurality of first slits arranged side by side to 
extend in a second direction, and a plurality of second slits 
each allowing an adjacent pair of the plurality of first slits in 
the second regions to be in communication with one another. 
The electronic unit includes, for example, a television appa 
ratus, a digital camera, a personal computer, a video camera, 
and a mobile terminal device Such as a mobile phone. 
0010. In the display panel with a touch detector, the touch 
panel, and the electronic unit according to the embodiments 
of the disclosure, the first slits extending in the second direc 
tion are arranged side by side in the first and second regions of 
the electrode layer. In the second regions, the adjacent first 
slits are in communication with one another through the sec 
ond slits. 
0011. According to the display panel with a touch detec 

tor, the touch panel, and the electronic unit of the embodi 
ments of the disclosure, the first slits arearranged side by side 
in the first and second regions of the electrode layer, and the 
adjacent first slits are in communication with one another 
through the second slits in the second regions, thereby allow 
ing the touch detection electrodes to be less visible. 
0012. It is to be understood that both the foregoing general 
description and the following detailed description are exem 
plary, and are intended to provide further explanation of the 
technology as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 The accompanying drawings are included to pro 
vide a further understanding of the disclosure, and are incor 
porated in and constitute a part of this specification. The 
drawings illustrate embodiments and, together with the speci 
fication, serve to explain the principles of the technology. 
0014 FIG. 1 is a diagram for explaining a basic principle 
of a touch detection process of a display panel with a touch 
detector according to embodiments of the disclosure, show 
ing a state where a finger is not in contact with or not in 
proximity to the display panel. 
0015 FIG. 2 is a diagram for explaining the basic principle 
of the touch detection process of the display panel with a 
touch detector according to the embodiments of the disclo 
Sure, showing a state where a finger is in contact with or in 
proximity to the display panel. 
0016 FIG.3 is a diagram for explaining the basic principle 
of the touch detection process of the display panel with a 
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touch detector according to the embodiments of the disclo 
Sure, showing exemplary waveforms of a drive signal and a 
touch detection signal. 
0017 FIG. 4 is a block diagram illustrating an exemplary 
configuration of a display panel with a touch detector accord 
ing to an embodiment of the disclosure. 
0018 FIG.5 is a sectional diagram illustrating a schematic 
sectional structure of a display device with a touch detector 
shown in FIG. 4. 
0019 FIGS. 6A and 6B are explanatory diagrams illustrat 
ing a pixel arrangement of the display device with a touch 
detector shown in FIG. 4. 
0020 FIG. 7 is a perspective diagram illustrating exem 
plary configurations of drive electrodes and touch detection 
electrodes of the display device with a touch detector shown 
in FIG. 4. 
0021 FIG. 8 is a plan view illustrating an exemplary con 
figuration of the touch detection electrodes shown in FIG. 7. 
0022 FIG. 9 is a plan view illustrating an exemplary con 
figuration of electrode layouts in a touch detection electrode 
region and a dummy electrode region according to a first 
embodiment. 
0023 FIGS. 10A to 10C are plan views illustrating an 
exemplary configuration of electrode layouts in regions cor 
responding to pixels shown in FIG. 9. 
0024 FIG. 11 is a plan view illustrating an exemplary 
configuration of electrode layouts in the touch detection elec 
trode region and the dummy electrode region according to a 
modification of the first embodiment. 
0025 FIG. 12 is a plan view illustrating an exemplary 
configuration of electrode layouts in the touch detection elec 
trode region and the dummy electrode region according to 
another modification of the first embodiment. 
0026 FIGS. 13A to 13C are plan views illustrating an 
exemplary configuration of electrode layouts in regions cor 
responding to pixels shown in FIG. 12. 
0027 FIG. 14 is a plan view illustrating an exemplary 
configuration of electrode layouts in a touch detection elec 
trode region and a dummy electrode region according to a 
second embodiment. 
0028 FIG. 15 is a plan view illustrating an exemplary 
configuration of electrode layouts in the touch detection elec 
trode region and the dummy electrode region according to a 
modification of the second embodiment. 
0029 FIG. 16 is a plan view illustrating an exemplary 
configuration of electrode layouts in the touch detection elec 
trode region and the dummy electrode region according to 
another modification of the second embodiment. 
0030 FIG. 17 is a plan view illustrating an exemplary 
configuration of electrode layouts in a touch detection elec 
trode region and a dummy electrode region according to a 
third embodiment. 
0031 FIGS. 18A and 18B are plan views illustrating an 
exemplary configuration of electrode layouts in regions cor 
responding to pixels shown in FIG. 17. 
0032 FIG. 19 is a plan view illustrating an exemplary 
configuration of electrode layouts in a touch detection elec 
trode region and a dummy electrode region according to a 
modification of the third embodiment. 
0033 FIG. 20 is a plan view illustrating an exemplary 
configuration of electrode layouts in a touch detection elec 
trode region and a dummy electrode region according to a 
fourth embodiment. 
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0034 FIGS. 21A and 21B are plan views illustrating an 
exemplary configuration of electrode layouts in regions cor 
responding to pixels shown in FIG. 20. 
0035 FIG. 22 is a plan view illustrating an exemplary 
configuration of electrode layouts in a touch detection elec 
trode region and a dummy electrode region according to a 
fifth embodiment. 
0036 FIG. 23 is a plan view illustrating an exemplary 
configuration of electrode layouts in the touch detection elec 
trode region and the dummy electrode region according to a 
modification of the fifth embodiment. 
0037 FIG. 24 is a perspective diagram illustrating an 
appearance configuration of an application example 1, among 
display panels with a touch detector applied with the embodi 
mentS. 

0038 FIGS. 25A and 25B are perspective diagrams illus 
trating an appearance configuration of an application 
example 2. 
0039 FIG. 26 is a perspective diagram illustrating an 
appearance configuration of an application example 3. 
0040 FIG. 27 is a perspective diagram illustrating an 
appearance configuration of an application example 4. 
0041 FIGS. 28A to 28G are front diagrams, side dia 
grams, a top diagram, and a bottom diagram illustrating an 
appearance configuration of an application example 5. 
0042 FIG. 29 is a sectional diagram illustrating a sche 
matic sectional structure of a display device with a touch 
detector according to a modification. 

DETAILED DESCRIPTION OF EMBODIMENTS 

0043. Hereinafter, embodiments of the disclosure will be 
described in detail with reference to the accompanying draw 
ings. It is to be noted that description is made in the following 
order. 
0044) 1. Basic Principle of Capacitance-Type Touch 
Detection 
0045 2. First Embodiment 
0046 3. Second Embodiment 
0047. 4. Third Embodiment 
0048, 5. Fourth Embodiment 
0049. 6. Fifth Embodiment 
0050 7. Application Examples 

1. Basic Principle of Capacitance-Type Touch 
Detection 

0051 First, a basic principle of touch detection of a dis 
play panel with a touch detector according to the disclosure is 
described with reference to FIGS. 1 to 3. This touch detection 
process is embodied as a capacitance-type touch sensor. In the 
capacitance-type touch sensor, for example, a pair of elec 
trodes (a drive electrode E1 and a touch detection electrode 
E2) disposed to face each other with a dielectric body D in 
between are used to define a capacitance element, as illus 
trated in (A) of FIG. 1. Such a structure is expressed as an 
equivalent circuit illustrated in (B) of FIG.1. The drive elec 
trode E1, the touch detection electrode E2, and the dielectric 
body D define a capacitance element C1. One end of the 
capacitance element C1 is connected to an AC signal Source 
(drive signal source) S. and the other end P is grounded 
through a resistor R and connected to a Voltage detector 
(touch detection section) DET. After an AC rectangular wave 
Sg ((B) of FIG. 3) having a predetermined frequency (for 
example, approximately several kilohertz to several tens kilo 
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hertz) is applied from the AC signal source S to the drive 
electrode E1 (one end of the capacitance element C1), an 
output waveform (a touch detection signal Vdet) as illustrated 
in (A) of FIG. 3 is shown at the touch detection electrode E2 
(the other end P of the capacitance element C1). It is to be 
noted that the AC rectangular wave Sg corresponds to a drive 
signal Vicom described below. 
0052. In the state where a finger is not in contact with (or 
not in proximity to) the display panel, a current IO corre 
sponding to a capacitance value of the capacitance element 
C1 flows in response to charge and discharge with respect to 
the capacitance element C1 as illustrated in FIG. 1. Here, a 
potential waveform at the other end P of the capacitance 
element C1 is, for example, as shown by a waveform V0 in 
(A) of FIG.3, which is detected by the voltage detector DET. 
0053. In contrast, in the state where a finger is in contact 
with (or in proximity to) the display panel, a capacitance 
element C2 is formed by a finger and added in series to the 
capacitance element C1 as illustrated in FIG. 2. In this state, 
a current I1 and a current I2 flow in response to charge and 
discharge with respect to the capacitance elements C1 and 
C2, respectively. Here, a potential waveform at the other end 
P of the capacitance element C1 is, for example, as shown by 
a waveform V1 in (A) of FIG. 3, which is detected by the 
voltage detector DET. Here, electric potential of the point P 
corresponds to a divided potential determined by the values of 
the currents I1 and I2 flowing through the respective capaci 
tance elements C1 and C2. As a result, the waveform V1 has 
a small value compared with the waveform V0 in the non 
contact state. The voltage detector DET compares the 
detected voltage with a predetermined threshold voltage Vith. 
If the detected voltage is equal to or higher than the threshold 
voltage, the voltage detector DET determines that no contact 
occurs. If the detected voltage is lower than the threshold 
voltage, the voltage detector DET determines that some con 
tact occurs. In this way, touch detection is performed. 

2. First Embodiment 

Exemplary Configuration 

(Exemplary Overall Configuration) 
0054 FIG. 4 illustrates an exemplary configuration of a 
display panel with a touch detector according to a first 
embodiment of the disclosure. Since a touch panel according 
to the embodiments of the disclosure is embodied by the first 
embodiment, the touch panel is described together. The dis 
play panel with a touch detector includes liquid crystal dis 
play elements as display elements, and is of a so-called in-cell 
type, in which a liquid crystal display device configured of the 
liquid crystal display elements is integrated with a capaci 
tance-type touch detection device. 
0055. The display panel with a touch detector 1 includes a 
control section 11, a gate driver 12, a source driver 13, a drive 
electrode driver 14, a display device with a touch detector 10, 
and a touch detection section 40. 
0056. The control section 11 is a circuit that supplies a 
control signal to each of the gate driver 12, the source driver 
13, the drive electrode driver 14, and the touch detection 
section 40 based on a video signal Vdisp supplied from the 
outside, and controls the components to operate in Synchro 
nization with one another. 
0057 The gate driver 12 has a function of sequentially 
selecting one horizontal line as a display drive object of the 
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display device with a touch detector 10 based on the control 
signal Supplied from the control section 11. In detail, the gate 
driver 12 applies, through scan signal lines GCL, Scan signals 
Vscan to gates of TFT elements Tr of pixels Pix, which are 
provided in a matrix in a liquid crystal display device 20 of the 
display device with a touch detector 10, to sequentially select 
one row (one horizontal line) as a display drive object of the 
pixels Pix, as described below. 
0058. The source driver 13 is a circuit that supplies pixel 
signals Vpix to the pixels Pix (described below) of the display 
device with a touch detector 10 based on the control signal 
supplied from the control section 11. In detail, the source 
driver 13 supplies, through pixel signal lines SGL, the pixel 
signals Vpix to the pixels Pix defining one horizontal line, 
which is sequentially selected by the gate driver 12, as 
described below. The pixels Pix perform display for the one 
horizontal line in response to the Supplied pixel signals Vpix. 
0059. The drive electrode driver 14 is a circuit that sup 
plies the drive signals Vicom to drive electrodes COML (de 
scribed below) of the display device with a touch detector 10 
based on the control signal Supplied from the control section 
11. In detail, the drive electrode driver 14 sequentially applies 
the drive signals Vicom to the drive electrodes COML in a 
time-divisional manner. A touch detection device 30 outputs 
touch detection signals Vdet based on the drive signals Vcom 
from a plurality of touch detection electrodes TDL (described 
below) to the touch detection section 40. 
0060. The display device with a touch detector 10 is a 
display device in which a touch detection function is embed 
ded. The display device with a touch detector 10 includes the 
liquid crystal display device 20 and the touch detection device 
30. The liquid crystal display device 20 is a device that per 
forms sequential scan by one horizontal line basis for per 
forming display in response to the scan signals Vscan Sup 
plied from the gate driver 12, as described below. The touch 
detection device 30 operates on the basis of the above-de 
scribed basic principle of the capacitance-type touch detec 
tion and outputs the touch detection signals Vdet. The touch 
detection device 30 performs sequential scan in response to 
the drive signals Vicom supplied from the drive electrode 
driver 14 to perform touch detection, as described 1 below. 
0061 The touch detection section 40 detects presence of a 
touch event in the touch detection device 30 based on the 
control signal Supplied from the control section 11 and the 
touch detection signals Vdet supplied from the touch detec 
tion device 30 of the display device with a touch detector 10, 
and determines the coordinates of a touch event in a touch 
detection region if the touch event is detected, and outputs the 
determined result as an output signal Out. 
(Display Device with Touch Detector 10) 
0062 An exemplary configuration of the display device 
with a touch detector 10 is now described in detail. 
0063 FIG.5 illustrates an exemplary sectional structure of 
a major part of the display device with a touch detector 10. 
The display device with a touch detector 10 includes a pixel 
substrate 2, a counter substrate 3 disposed to face the pixel 
substrate 2, and a liquid crystal layer 6 interposed between the 
pixel substrate 2 and the counter substrate 3. 
0064. The pixel substrate 2 includes a TFT substrate 21 as 
a circuit substrate, the drive electrodes COML, and pixel 
electrodes 22. The TFT substrate 21 functions as a circuit 
Substrate on which various kinds of electrodes, wirings, and 
thin film transistors (TFTs) are provided. The TFT substrate 
21 is configured of, for example, glass. The drive electrodes 
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COML are provided on the TFT substrate 21. The drive 
electrodes COML are electrodes for supplying the common 
voltage to a plurality of pixels Pix (described below). The 
drive electrodes COML function as common drive electrodes 
for liquid crystal display operation, and also function as the 
drive electrodes for touch detection operation. While the drive 
electrodes are commonly used for display and touch detection 
herein, the drive electrodes may be separately provided for 
respective operations. An insulating layer 23 is provided on 
the drive electrodes COML, and the pixel electrodes 22 are 
provided on the insulating layer 23. The pixel electrodes 22 
are translucent electrodes to be Supplied with the pixel signals 
for display. The drive electrodes COML and the pixel elec 
trodes 22 include, for example, indium tin oxide (ITO). 
0065. The counter substrate 3 includes a glass substrate 
31, a color filter 32, and the touch detection electrodes TDL. 
The color filter 32 is provided on one surface of the glass 
substrate 31. The color filter 32 is configured of, for example, 
color filter layers of three colors of red (R), green (G), and 
blue (B) arrayed periodically, where a set of the three colors 
R, G, and B is associated with each display pixel. The color 
filter 32 is not limited to the three colors of RGB, and, for 
example, may include a color filter layer of another color, or 
may include color filter layers of two or less colors or of four 
or more colors. A translucent layer33 is provided on the other 
surface of the glass substrate 31, and a plurality of touch 
detection electrodes TDL as the detection electrodes of the 
touch detection device 30 are arranged side by side on the 
translucent layer 33. Dummy electrodes 37 are provided 
between the touch detection electrodes TDL in order to allow 
the touch detection electrodes TDL to be less visible as 
described below. The touch detection electrodes TDL and the 
dummy electrodes 37 are translucent electrodes including, 
for example, ITO, IZO, or SnO. The translucent layer 33 
includes an insulating material such as SiN and SiC. The 
refractive index of the translucent layer 33 has an intermedi 
ate value (for example, approximately 1.75 for SiN and 
approximately 1.6 for SiC) between the refractive index of the 
glass Substrate 31 (for example, approximately 1.5) and the 
refractive index of the touch detection electrode TDL (for 
example, approximately 1.8) at a wavelength around 550 nm 
relevant to a high luminosity factor. The translucent layer 33 
is provided as an index matching layer for reducing reflection 
oflight between the glass substrate 31 and the touch detection 
electrodes TDL. A polarizing plate 35 is provided on the 
touch detection electrodes TDL, and a cover glass 36 is pro 
vided on the polarizing plate 35. While the translucent layer 
33 is provided herein, this is not limitative. For example, the 
translucent layer 33 may be omitted. 
0066. The liquid crystallayer 6 acts as a display functional 
layer that modulates light passing through the liquid crystal 
layer 6 depending on a state of an electric field. The electric 
field is formed due to a difference in electric potential 
between the voltage of each drive electrode COML and the 
voltage of each pixel electrode 22. A transverse mode of 
liquid crystal. Such as a fringe field Switching (FFS) mode and 
an in-plane Switching (IPS) mode, is used for the liquid crys 
tal layer 6. 
0067. It is to be noted that an alignment film is provided 
between the liquid crystal layer 6 and the pixel substrate 2 and 
between the liquid crystal layer 6 and the counter substrate 3. 
and an incidence-side polarizing plate is disposed on a bottom 
of the pixel substrate 2, which are omitted to be shown herein. 
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A circularly polarizing plate or an elliptically polarizing plate 
is used for the polarizing plate 35 and the incidence-side 
polarizing plate (not shown). 
0068 FIGS. 6A and 6B illustrate an exemplary configu 
ration of the liquid crystal display device 20, where FIG.6A 
shows a circuit diagram, and FIG. 6B shows a pixel arrange 
ment. The liquid crystal display device 20 has a plurality of 
pixels Pix arranged in a matrix. Each pixel Pix is configured 
of three sub-pixels SPix. The respective, three sub-pixels 
SPix are disposed in correspondence to the three colors R, G, 
and B of the color filter 32 shown in FIG. 5. Each sub-pixel 
SPix includes a TFT element Tr and a liquid crystal element 
LC. The TFT element Tris configured of a thin film transistor, 
which is an n-channel metal oxide semiconductor (MOS) 
TFT herein. A source of the TFT element Tris connected to 
the pixel signal line SGL, a gate thereof is connected to the 
scan signal line GCL, and a drain thereof is connected to the 
one end of the liquid crystal element LC. The one end of the 
liquid crystal element LC is connected to the drain of the TFT 
element Tr, and the other end thereof is connected to the drive 
electrode COML. 
0069. The sub-pixel SPix is connected mutually with other 
sub-pixels SPix on the same row of the liquid crystal display 
device 20 through the scan signal line GCL. The scan signal 
line GCL is connected to the gate driver 12 so as to be 
Supplied with the scan signal Vscan from the gate driver 12. In 
addition, the sub-pixel SPix is connected mutually with other 
sub-pixels SPix on the same column of the liquid crystal 
display device 20through the pixel signal line SGL. The pixel 
signal line SGL is connected to the source driver 13 so as to be 
supplied with the pixel signal Vpix from the source driver 13. 
0070 The pixel signal line SGL and the scan signal line 
GCL are each disposed along boundaries between the adja 
cent sub-pixels SPix on the pixel substrate 2, as shown in FIG. 
6B. In detail, the pixel signal line SGL is disposed along 
boundaries between adjacent sub-pixels SPix in a horizontal 
direction (X direction), and the scan signal line GCL is dis 
posed along boundaries between adjacent sub-pixels SPix in 
a vertical direction (y direction). The pixel signal line SGL 
and the scan signal line GCL are each configured of a single 
layer film or a multilayer film including aluminum, aluminum 
alloy, molybdenum, and titanium, for example. As a result, 
light does not pass through the regions of the pixel signal lines 
SGL and the scan signal lines GCL. 
0071. Furthermore, the sub-pixel SPix is connected mutu 
ally with other sub-pixels SPix on the same row of the liquid 
crystal display device 20 through the drive electrode COML. 
The drive electrode COML is connected to the drive electrode 
driver 14 so as to be supplied with the drive signal Vicom from 
the drive electrode driver 14. 
0072 According to such a configuration, in the liquid 
crystal display device 20, the gate driver 12 drives the scan 
signal lines GCL to be line-Sequentially scanned in a time 
divisional manner, thereby one horizontal line is sequentially 
selected, and the Source driver 13 Supplies the pixel signals 
Vpix to the pixels Pix on the one horizontal line, so that 
display is performed by one horizontal line basis. 
0073 FIG. 7 perspectively illustrates an exemplary con 
figuration of the touch detection device 30. The touch detec 
tion device 30 is configured of the drive electrodes COML 
provided on the pixel substrate 2 and the touch detection 
electrodes TDL provided on the counter substrate 3. The drive 
electrodes COML are configured as a plurality of stripe 
shaped electrode patterns extending in a horizontal direction 
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in the figure. During the touch detection operation, the drive 
electrode driver 14 sequentially Supplies the drive signals 
Vcom to the electrode patterns for sequential scan drive of the 
electrode patterns in a time-divisional manner. The touch 
detection electrodes TDL are configured of electrode patterns 
extending in a direction orthogonal to the extending direction 
of the electrode patterns of the drive electrodes COML. The 
electrode patterns of the touch detection electrodes TDL are 
connected to the touch detection section 40. The electrode 
patterns of the drive electrodes COML intersect the electrode 
patterns of the touch detection electrodes TDL, thereby 
resulting in formation of capacitance at respective intersec 
tions. 
0074 According to such a configuration, in the touch 
detection device 30, the drive electrode driver 14 applies the 
drive signals Vicom to the drive electrodes COML, so that the 
touch detection electrodes TDL output the touch detection 
signals Vdet for touch detection. Specifically, the drive elec 
trodes COML correspond to the drive electrode E1 in the 
basic principle of touch detection illustrated in FIGS. 1 to 3. 
and the touch detection electrodes TDL correspond to the 
touch detection electrode E2. The touch detection device 30 
detects a touch event in accordance with the basic principle. 
As illustrated in FIG. 7, a capacitance-type touch sensor is 
formed in a matrix by the electrode patterns intersecting each 
other. Accordingly, a position of contact or proximity of an 
external proximity object is detected through scan of the 
entire touch detection surface of the touch detection device 
3O. 

0075 FIG. 8 illustrates an exemplary configuration of the 
touch detection electrodes TDL. In FIG. 8, each touch detec 
tion electrode TDL (touch detection electrode region RT) 
Vertically extends in a y direction across a display region Sd. 
and is connected to the touch detection section 40 via a frame 
region Sfin the periphery of the display region Sd through a 
wiring, for example. The touch detection electrode TDL has a 
rectangular opening as shown in FIG. 8. A dummy electrode 
region RD is provided in a region of the opening and in a 
region between adjacent touch detection electrodes TDL, and 
a dummy electrode 37 (described below) is provided in each 
dummy electrode region RD. An electrode layout in an effec 
tive pixel region of each pixel Pix is the same between the 
touch detection electrode region RT and the dummy electrode 
region RD, as described below. 
0076 FIG. 9 illustrates an exemplary configuration of the 
respective electrode layouts in the touch detection electrode 
region RT and the dummy electrode region RD, showing a 
portion P shown in FIG. 8 in detail. 
0077. In the touch detection electrode region RT, a plural 

ity of electrode patterns are defined by slits SL extending in 
the vertical direction (y direction) in FIG. 9. The plurality of 
electrode patterns is bundled in the frame region Sf shown in 
FIG. 8 into one touch detection electrode TDL. The slits SL 
are also provided in the dummy electrode region RD as in the 
touch detection electrode region RT. Each slit SL is disposed 
for every predetermined number (here, three) of sub-pixels 
SPix in the horizontal direction (x direction) in FIG. 9. The 
pitch of the slits SL is desirably small enough to be unrecog 
nizable by human eyes, for example, 500 um or less. The 
dummy electrode region RD also has slits SLD that extend in 
the horizontal direction in FIG.9 to connect the adjacent slits 
SL to one another. The slits SLD are provided in regions 
having the scan signal lines GCL on the pixel Substrate 2. 
Specifically, the slits SLD are disposed in non-light-transmit 
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table portions. The slits SLD are disposed for every predeter 
mined number (here, eight) of pixels Pix (sub-pixels SPix) in 
the vertical direction in FIG.9. The pitch of the slits SLD is 
desirably small enough to be unrecognizable by human eyes, 
for example, 500 um or less, as in the slits SL. As a result, a 
plurality of dummy electrodes 37, defined by the slits SL and 
SLD, are formed in the dummy electrode region RD. The 
dummy electrodes 37 are not electrically connected to any 
other portions, namely, floating. 
0078. The slits SL, herein, are provided at positions cor 
responding to the sub-pixels SPix of blue (B) of the pixels Pix. 
This is associated with the fact that the touch detection elec 
trode TDL and the dummy electrode 37 each have a light 
transmittance lowest at blue (B) between red (R), green (G), 
and blue (B). Specifically, the slit SL are provided at the 
positions corresponding to the sub-pixels SPix of blue (B), 
which Suppresses a reduction in intensity of blue light due to 
the electrodes, leading to Suppression of yellowing of chro 
maticity of white. 
(0079. The sub-pixel SPix corresponds to a specific 
example of “display element of the disclosure. The liquid 
crystal layer 6 corresponds to a specific example of "display 
layer of the disclosure. The touch detection electrode region 
RT corresponds to a specific example of “first region' of the 
disclosure. The dummy electrode region RD corresponds to a 
specific example of “second region' of the disclosure. The slit 
SL corresponds to a specific example of “first slit of the 
disclosure. The slit SLD corresponds to a specific example of 
“second slit of the disclosure. The scan signal line GCL 
corresponds to a specific example of “signal line' of the 
disclosure. 

Functions and Effects 

0080. The functions and effects of the display panel with a 
touch detector 1 according to the embodiment are now 
described. 

(Summary of General Operation) 

I0081. The control section 11 supplies the control signal to 
each of the gate driver 12, the source driver 13, the drive 
electrode driver 14, and the touch detection section 40 based 
on a video signal Vdisp Supplied from the outside, and thus 
controls those to operate in Synchronization with one another. 
The gate driver 12 Supplies the scan signals Vscan to the 
liquid crystal display device 20 to sequentially select one 
horizontal line as a display drive object. The source driver 13 
Supplies the pixel signals Vpix to the pixels Pix defining one 
horizontal line selected by the gate driver 12. The drive elec 
trode driver 14 sequentially applies the drive signals Vicom to 
the drive electrodes COML. The display device with a touch 
detector 10 performs display operation, and performs touch 
detection operation based on the drive signals Vcom to output 
the touch detection signals Vdet from the touch detection 
electrodes TDL. The touch detection section 40 detects pres 
ence of a touch event in the touch detection device 30 and 
determines the coordinates of the touch event, and outputs the 
determined result as an output signal Out. 
I0082 In the display panel with a touch detector 1, the 
electrode layout in a light-transmittable region (the effective 
pixel region) of each pixel Pix is the same between the touch 
detection electrode region RT and the dummy electrode 
region RD. As a result, the amount of the transmitted light in 
the touch detection electrode region RT is equal to that in the 
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dummy electrode region RD, and therefore the touch detec 
tion electrodes TDL are allowed to be less visible. This is 
described further in detail below. 
I0083 FIGS. 10A to 10C illustrate the electrode layouts in 
the effective pixel regions, where FIG. 10A illustrates the 
electrode layout in the touch detection electrode region RT, 
and FIGS. 10B and 10C illustrate the electrode layouts in the 
dummy electrode region RD. FIG. 10B illustrates the elec 
trode layout in the effective pixel region of a pixel PixD 
shown in FIG.9. FIG. 10C illustrates the electrode layout in 
the effective pixel region of a pixel PixD2. 
0084. As shown in FIGS. 10A and 10B, the electrode 
layout for a pixel PixT in the touch detection electrode region 
RT is the same as that for a pixel PixD in the dummy electrode 
region RD. As a result, the electrode layout in each effective 
pixel region (a region without the scan signal lines GCL and 
the pixel signal lines SGL) of the pixel PixT is the same as that 
in the effective pixel region of the pixel PixD. In detail, among 
the effective pixel regions of the pixel PixT, regions of the 
sub-pixels SPix of red (R) and green (G) are provided with an 
electrode (touch detection electrode TDL) covering the entire 
regions, and a region of the sub-pixel SPix of blue (B) is 
provided with an electrode (touch detection electrode TDL) 
covering a part of the region, the regions being hatched in 
FIG. 10A. Similarly, among the effective pixel regions of the 
pixel PixD, regions of the sub-pixels SPix of red (R) and 
green (G) are provided with an electrode (dummy electrode 
37) covering the entire regions, and a region of the Sub-pixel 
SPix of blue (B) is provided with an electrode (dummy elec 
trode 37) covering a part of the region, the regions being 
hatched in FIG. 10B. 
I0085. In contrast, the electrode layout for the pixel PixD2 
in the dummy electrode region RD (FIG. 10C) is slightly 
different from the electrode layout for the pixel PixT (FIG. 
10A) and the electrode layout for the pixel PixD (FIG. 10B), 
as shown in FIGS. 10A to 10C. However, the electrode layout 
in each effective pixel region of the pixel PixD2 is the same as 
that of the pixel PixT and of the pixel PixD. Specifically, 
among the effective pixel regions of the pixel PixD2, regions 
of the sub-pixels SPix of red (R) and green (G) are provided 
with an electrode (dummy electrode 37) covering the entire 
regions, and a region of the sub-pixel SPix of blue (B) is 
provided with an electrode (dummy electrode 37) covering a 
part of the region, the regions being hatched in FIG. 10C. 
I0086. In this way, in the display panel with a touch detector 
1, the touch detection electrode region RT and the dummy 
electrode region RD have the same electrode layout pattern in 
the effective pixel region. As a result, in the liquid crystal 
display device 20 of the display device with a touch detector 
10, for example, even if the pixels Pix display the same color 
for uniform display over the entire screen, the amount of the 
transmitted light in the touch detection electrode region RT is 
equal to that in the dummy electrode region RD, and therefore 
the touch detection electrodes TDL are allowed to be less 
visible. 

0087. It is to be noted that since the touch detection elec 
trodes TDL are provided in a layer different from a layer of 
the color filter 31 as shown in FIG. 5, although the slits SL are 
located in correspondence to the sub-pixels SPix of blue (B) 
as viewed from a display screen from the front, if a viewer 
views the display Screen in an oblique direction, for example, 
the slits SL may be seen to be at positions corresponding to 
the sub-pixels SPix of green (G), thereby leading to a possi 
bility of deviation of chromaticity. In this case, in the display 
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panel with a touch detector 1, since the electrode layout 
pattern in the effective pixel region is also the same between 
the pixel PixT, the pixel PixD, and the pixel PixD2, the 
deviation of chromaticity in the touch detection electrode 
region RT is the same as that in the dummy electrode region 
RD, and therefore the touch detection electrodes TDL are 
allowed to be less visible. 
I0088. In addition, in the display panel with a touch detec 
tor 1, the slits SLD are disposed for every eight pixels Pix 
(sub-pixels SPix) in the vertical direction (y direction) in FIG. 
9 in the dummy electrode region RD. As a result, the electrode 
layout pattern in the dummy electrode region RD is similar to 
the electrode layout pattern in the touch detection electrode 
region RT without slits extending in the horizontal direction 
(X direction), compared with a case where the slits SLD are 
provided for every one pixel Pix in the dummy electrode 
region RD. Consequently, since the electrode layout pattern 
in the dummy electrode region RD is similar to that in the 
touch detection electrode region RT, the touch detection elec 
trodes TDL in the touch detection electrode region RT are less 
visible even if externally incident light is reflected by the 
electrodes, for example. 

Effects 
0089. As described above, in the embodiment, since an 
occupancy of electrodes in the effective pixel region of each 
pixel is the same between the touch detection electrode region 
and the dummy electrode region, the amount of the transmit 
ted light is the same between the two electrode regions, and 
therefore the touch detection electrodes TDL are allowed to 
be less visible. 
0090. In addition, in the embodiment, since the electrode 
layout pattern in the effective pixel region in the touch detec 
tion electrode region is the same as that in the dummy elec 
trode region, the amount of the transmitted light is the same 
between the Sub-pixels having the same color in the respec 
tive two electrode regions, and therefore the touch detection 
electrodes TDL are allowed to be less visible. 
0091. In addition, in the embodiment, since the slits SLD 
are provided for every several pixels, the electrode layout 
pattern in the touch detection electrode region is similar to 
that in the dummy electrode region, and therefore the touch 
detection electrodes TDL are allowed to be less visible even if 
externally incident light is reflected by the electrodes. 

Modification 1-1 
0092. While the slits SL are disposed for every three sub 
pixels SPix, and the slits SLD are disposed for every eight 
pixels Pix (sub-pixels SPix) in the first embodiment, this is 
not limitative. The slits SL may be disposed for every two or 
less or every four or more sub-pixels SPix. Alternatively, the 
slits SLD may be disposed for every seven or less or every 
nine or more pixels Pix (sub-pixels SPix). FIG. 11 illustrates 
an electrode layout where the slits SL are disposed for every 
one sub-pixel SPix, and the slits SLD are disposed for every 
four pixels Pix (sub-pixels SPix). This also allows the touch 
detection electrodes TDL to be less visible, as in the first 
embodiment. 

Modification 1-2 
0093. While each sub-pixel SPix has a rectangular shape 
in the first embodiment, this is not limitative. Instead, the 
Sub-pixel SPix may have a shape of a parallelogram, for 
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example, as shown in FIG. 12. In this case, the electrode 
layout in the effective pixel region of the pixel PixT, hatched 
in FIG.13A, is also the same as the electrode layout in each of 
the effective pixel regions of the pixel PixD and the pixel 
PixD2, hatched in FIGS. 13B and 13C, as shown in FIGS. 
13A to 13C. As a result, the touch detection electrodes TDL 
are less visible as in the first embodiment. 

3. Second Embodiment 

0094. A display panel with a touch detector 120 according 
to a second embodiment is now described. In the second 
embodiment, the touch detection electrode region RT also has 
slits extending in a direction crossing the slits SL. It is to be 
noted that Substantially the same components as those of the 
display panel with a touch detector 1 according to the first 
embodiment are designated by the same numerals, and 
description of them is appropriately omitted. 
0095 FIG. 14 illustrates an exemplary configuration of 
electrode layouts in the touch detection electrode region RT 
and the dummy electrode region RD of the display panel with 
a touch detector 120. It is to be noted that the scan signal lines 
GCL are illustrated by a thick line in FIG. 14 for convenience 
of the description. 
0096. The touch detection electrode region RT has slits 
SLT extending in the horizontal direction (X direction) in FIG. 
14. The slits SLT are provided at positions corresponding to 
the scan signal lines GCL as in the slits SLD provided in the 
dummy electrode region RD. The slits SLT and the slits SLD 
are, herein, disposed for every one pixel Pix (sub-pixel SPix) 
in the vertical direction (y direction) in FIG. 14. The slits SLT 
extend right and left from a slit SL as the center. The length of 
the slit SLT is equal to the width of the pixel Pix in the 
horizontal direction in FIG. 14. The width of the slit SLT is the 
same as the width of the slit SLD. The slits SLT on the 
adjacent slits SL are arranged in a staggered configuration in 
the vertical direction in FIG. 14. 
0097. The slit SLT corresponds to a specific example of 
“third slit of the disclosure. 
0098. According to such a configuration, in the display 
panel with a touch detector 120, as in the display panel with a 
touch detector 1 of the first embodiment, since the electrode 
layout in the effective pixel region of each pixel is the same 
between the touch detection electrode region RT and the 
dummy electrode region RD, the amount of the transmitted 
light is the same between the two electrode regions, and 
therefore the touch detection electrodes TDL2 are allowed to 
be less visible. 
0099. In addition, in the display panel with a touch detec 
tor 120, the slits SLT are provided in the touch detection 
electrode region RT, so that the touch detection electrode 
region RT and the dummy electrode region RD have the same 
occupancy of electrodes per unit area, and besides have the 
electrode layout patterns similar to each other. Specifically, in 
the display panel with a touch detector 120, the dummy 
electrode region RD has the slits SLD for every pixel Pix 
(sub-pixel SPix) arranged side by side in the vertical direction 
(y direction) in FIG. 14. In this case, the touch detection 
electrode region RT also has the slits SLT for every one pixel 
Pix (sub-pixel SPix) arranged side by side in the vertical 
direction in FIG. 14, so that the touch detection electrode 
region RT and the dummy electrode region RD have the 
electrode layout patterns similar to each other compared with 
the case where the touch detection electrode region RT does 
not have the slits SLT as in the first embodiment. As a result, 
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in the display panel with a touch detector 120, the touch 
detection electrodes TDL2 are less visible even if externally 
incident light is reflected by the electrodes, for example. 
0100. In other words, the display panel with a touch detec 
tor 1 according to the first embodiment is configured such that 
the number of the slits SLD is small in the dummy electrode 
region RD so that the touch detection electrode region RT and 
the dummy electrode region RD have the electrode layout 
patterns similar to each other even if the slits SLT are not 
provided in the touch detection electrode region RT. 
0101. In contrast, the display panel with a touch detector 
120 according to the second embodiment is configured Such 
that the slits SLT are also provided in the touch detection 
electrode region RT in the same way as the slits SLD in the 
dummy electrode region RD, so that the touch detection elec 
trode region RT and the dummy electrode region RD have the 
same occupancy of electrodes per unit area, and have elec 
trode layout patterns similar to each other. As a result, for 
example, even if a large number of slits SLD are arranged in 
the dummy electrode region RD, a similar number of slits 
SLT are provided in the touch detection electrode region RT, 
thereby allowing the touch detection electrodes TDL2 to be 
less visible. 
0102. As described above, in the second embodiment, 
since the touch detection electrode region has the slits SLT, 
for example, even if a large number of slits SLD are arranged 
in the dummy electrode region, the touch detection electrode 
region RT and the dummy electrode region RD have the same 
occupancy of electrodes per unit area, and have electrode 
layout patterns similar to each other, and therefore the touch 
detection electrodes are allowed to be less visible. Other 
effects are similar to those in the first embodiment. 

Modification 2-1 
(0103) While the slits SL are disposed for every three sub 
pixels SPix in the second embodiment, this is not limitative. 
Instead, the slits SL may be disposed for every two or less or 
every four or more sub-pixels SPix, for example. FIG. 15 
illustrates an example where the slits SL are disposed for 
every one sub-pixel SPix. In this case, the touch detection 
electrodes TDL2A are also less visible as in the second 
embodiment. 

Modification 2-2 
0104. While the slits SLD and the slits SLT are each dis 
posed for every one pixel Pix (sub-pixel SPix) in the second 
embodiment, this is not limitative. Instead, the slits SLD and 
SLT may be each disposed for every two or more pixels Pix 
(sub-pixels SPix), for example. FIG.16 illustrates an example 
where the slits SLD and the slits SLT are each disposed for 
every two pixels Pix (sub-pixels SPix). In this case, the touch 
detection electrodes TDL2B are also less visible as in the 
second embodiment. 

Other Modification 
0105 While each sub-pixel SPix has a rectangular shape 
in the second embodiment, this is not limitative. Instead, the 
Sub-pixel SPix may have a shape of a parallelogram, as in the 
modification 1-2 of the first embodiment. 

4. Third Embodiment 

0106. A display panel with a touch detector 130 according 
to a third embodiment is now described. The third embodi 
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ment corresponds to the display panel with a touch detector 
120 according to the second embodiment, modified such that 
the slits SLD in the dummy electrode region RD are arranged 
in a staggered configuration in the same way as the slits SLT 
in the touch detection electrode region RT. It is to be noted 
that Substantially the same components as those of the display 
panel with a touch detector 120 according to the second 
embodiment are designated by the same numerals, and 
description of them is appropriately omitted. 
0107 FIG. 17 illustrates an exemplary configuration of 
electrode layouts in the touch detection electrode region RT 
and the dummy electrode region RD of the display panel with 
a touch detector 130. It is to be noted that the scan signal lines 
GCL are illustrated by a thick line for convenience of the 
description in FIG. 17. 
0108. In the display panel with a touch detector 130, the 

slits SLD adjacent to one another in the horizontal direction (x 
direction) in FIG. 17 are arranged in the dummy electrode 
region RD in a staggered configuration in the same way as the 
slits SLT in the touch detection electrode region RT. As a 
result, in the display panel with a touch detector 130, the 
touch detection electrode region RT and the dummy electrode 
region RD have the electrode layout patterns further similar to 
each other compared with the display panel with a touch 
detector 120 according to the second embodiment, and there 
fore the touch detection electrodes TDL2 are allowed to be 
further less visible even if externally incident light is reflected 
by the electrodes, for example. 
0109 As described above, in the third embodiment, since 
the slits SLD in the dummy electrode region RD are arranged 
in a staggered configuration in the same way as the slits SLT 
in the touch detection electrode region RT, the touch detection 
electrodes are allowed to be further less visible. Other effects 
are similar to those in the second embodiment. 

Modification 3-1 
0110. In the third embodiment, while both the slits SLT 
and the slits SLD are arranged in a staggered configuration in 
the regions having the scan signal lines GCL, this is not 
limitative. Instead, the slits SLT and SLD may be arranged in 
a staggered configuration across the respective regions hav 
ing the scan signal lines GCL. In such a case, for example, as 
shown in FIGS. 18A and 18B, although an electrode layout 
pattern in the effective pixel region of a pixel PixT, hatched in 
FIG. 18A, is slightly different from an electrode layout pat 
tern in the effective pixel region of a pixel PixD, hatched in 
FIG. 18B, the occupancy of electrodes is the same between 
the two effective pixel regions, and therefore the touch detec 
tion electrodes TDL2 are allowed to be less visible as in the 
third embodiment. 

Modification 3-2 
0111 While the slits SL are disposed for every three sub 
pixels SPix in the third embodiment, this is not limitative. 
Instead, the slits SL may be disposed for every two or less or 
every four or more sub-pixels SPix, for example. FIG. 19 
illustrates an example where the slits SL are disposed for 
every one sub-pixel SPix. In this case, the touch detection 
electrodes TDL2A are also less visible as in the third embodi 
ment. 

Other Modification 
0112 While each sub-pixel SPix has a rectangular shape 
in the third embodiment, this is not limitative. Instead, the 
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Sub-pixel SPix may have a shape of a parallelogram as in the 
modification 1-2 of the first embodiment. 

5. Fourth Embodiment 

0113. A display panel with a touch detector 140 according 
to a fourth embodiment is now described. The fourth embodi 
ment corresponds to the display panel with a touch detector 
120 according to the second embodiment, modified such that 
the slits SLT in the touch detection electrode region RT and 
the slits SLD in the dummy electrode region RD are arranged 
to extend obliquely. It is to be noted that substantially the 
same components as those of the display panel with a touch 
detector 120 according to the second embodiment are desig 
nated by the same numerals, and description of them is appro 
priately omitted. 
0114 FIG. 20 illustrates an exemplary configuration of 
electrode layouts in the touch detection electrode region RT 
and the dummy electrode region RD of the display panel with 
a touch detector 140. In the display panel with a touch detec 
tor 140, each sub-pixel SPix has a shape of a parallelogram, 
and the slits SLT in the touch detection electrode region RT 
and the slits SLD in the dummy electrode region RD accord 
ingly obliquely extend in the respective regions having the 
scan signal lines GCL. In the touch detection electrode region 
RT, the slits SLT on the adjacent slits SL are arranged in the 
same positions in the vertical direction in FIG. 20, unlike in 
the third embodiment (FIG. 17). 
0.115. As a result, in the display panel with a touch detector 
140, the touch detection electrode region RT and the dummy 
electrode region RD have electrode layout patterns similar to 
each other, and therefore the touch detection electrodes TDL4 
are allowed to be less visible even if externally incident light 
is reflected by the electrodes, for example. 
0116. As described above, in the fourth embodiment, the 
slits SLT and the slits SLD extend obliquely, and therefore the 
touch detection electrodes are allowed to be less visible with 
out forming the slits in the staggered configuration as in the 
second embodiment. Other effects are similar to those in the 
second embodiment. 

Modification 4-1 

0117. While both the slits SLT and the slits SLD are pro 
vided in the regions having the scan signal lines GCL, this is 
not limitative. Instead, the slits SLT and SLD may protrude 
from the respective regions having the scan signal lines GCL. 
In such a case, as shown in FIGS. 21A and 21B, although an 
electrode layout pattern in the effective pixel region of the 
pixel PixT, hatched in FIG. 21A, is slightly different from an 
electrode layout pattern in the effective pixel region of the 
pixel PixD, hatched in FIG.21B, the occupancy of electrodes 
is substantially the same between the two effective pixel 
regions, thereby allowing the touch detection electrodes 
TDL4 to be less visible as in the fourth embodiment. 

Other Modification 

0118 While the slits SL are disposed for every three sub 
pixels SPix in the fourth embodiment, this is not limitative. 
Instead, the slits SL may be disposed for every two or less or 
every four or more sub-pixels SPix, for example. 
0119 While the slits SLD and the slits SLT are each dis 
posed for every one pixel Pix (sub-pixel SPix) in the fourth 
embodiment, this is not limitative. Instead, the slits SLD and 
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SLT may be each disposed for every two or more pixels Pix 
(sub-pixels SPix), for example. 
0120 While each sub-pixel SPix has a shape of a paral 
lelogram in the fourth embodiment, this is not limitative. 
Instead, the Sub-pixel SPix may have a rectangular shape as in 
the third embodiment and others. 

6. Fifth Embodiment 

0121. A display panel with a touch detector 150 according 
to a fifth embodiment is now described. The fifth embodiment 
corresponds to the display panel with a touch detector 120 
according to the second embodiment, modified Such that the 
slits SLT in the touch detection electrode region RT are 
formed thick instead of disposing the slits SLT in a staggered 
configuration. It is to be noted that Substantially the same 
components as those of the display panel with a touch detec 
tor 120 according to the second embodiment are designated 
by the same numerals, and description of them is appropri 
ately omitted. 
0122 FIG. 22 illustrates an exemplary configuration of 
electrode layouts in the touch detection electrode region RT 
and the dummy electrode region RD of the display panel with 
a touch detector 150. Each slit SLT in the touch detection 
electrode region RT has a length shorter than the width of a 
pixel Pix in a horizontal direction (X direction) in FIG.22, and 
has a width larger than that of each slit SLD in the dummy 
electrode region RD. As a result, the touch detection electrode 
region RT and the dummy electrode region RD have the same 
occupancy of electrodes per unit area. The slits SLT on the 
adjacent slits SL are arranged in the same positions in the 
vertical direction (y direction) in FIG. 22. 
0123. As a result, in the display panel with a touch detector 
150, the touch detection electrode region RT and the dummy 
electrode region RD have electrode layout patterns similar to 
each other, and therefore the touch detection electrodes TDL5 
are allowed to be less visible even if externally incident light 
is reflected by the electrodes, for example. 
0124. As described above, in the fifth embodiment, the 
slits SLT are formed thick, thereby allowing the touch detec 
tion electrodes to be less visible without forming the slits in a 
staggered configuration as in the second embodiment. Other 
effects are similar to those in the second embodiment. 

Modification 5-1 
0125 While each slit SLT extends right and left from the 
slit SL in the fifth embodiment, this is not limitative. For 
example, the slits SLT may be separated from the slits SL as 
shown in FIG. 23. In this case, the touch detection electrode 
region RT and the dummy electrode region RD also have 
electrode layout patterns similar to each other, and therefore 
the touch detection electrodes TDL5A are allowed to be less 
visible as in the fifth embodiment. 

7. Application Examples 
0126 Application examples of each display panel with a 
touch detector in the above-described embodiments and 
modifications are now described with reference to FIGS. 24 
to 28G. The display panel with a touch detector described in 
the embodiments and others is applicable to electronic units 
in various fields, including a television apparatus, a digital 
camera, a notebook personal computer, a mobile terminal 
device Such as a mobile phone, and a video camera. In other 
words, the display panel with a touch detector in the embodi 
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ments and others is applicable to electronic units in various 
fields for displaying externally-input or internally-generated 
Video signals as still or video images. 

Application Example 1 

I0127 FIG. 24 shows appearance of a television apparatus 
applied with the display panel with a touch detector according 
to the embodiments and others. The television apparatus has, 
for example, an image display screen section 510 including a 
front panel 511 and filterglass 512. The image display screen 
section 510 is configured of the display panel with a touch 
detector according to the embodiments and others. 

Application Example 2 

I0128 FIGS. 25A and 25B show appearance of a digital 
camera applied with the display panel with a touch detector 
according to the embodiments and others. The digital camera 
has, for example, a light emitting section for flash 521, a 
display section 522, a menu switch 523, and a shutter button 
524. The display section 522 is configured of the display 
panel with a touch detector according to the embodiments and 
others. 

Application Example 3 

I0129 FIG. 26 shows appearance of a notebook personal 
computer applied with the display panel with a touch detector 
according to the embodiments and others. The notebook per 
sonal computer has, for example, a main body 531, a key 
board 532 for input operation of letters and the like, and a 
display section 533 for displaying images. The display sec 
tion 533 is configured of the display panel with a touch 
detector according to the embodiments and others. 

Application Example 4 

0.130 FIG. 27 shows appearance of a video camera 
applied with the display panel with a touch detector according 
to the embodiments and others. The video camera has, for 
example, a main body section 541, an object-shooting lens 
542 provided on a front side face of the main body section 
541, a start/stop switch 543 for shooting, and a display section 
544. The display section 544 is configured of the display 
panel with a touch detector according to the embodiments and 
others. 

Application Example 5 

I0131 FIGS. 28A to 28G show appearance of a mobile 
phone applied with the display panel with a touch detector 
according to the embodiments and others. For example, the 
mobile phone is configured of an upper housing 710 and a 
lowerhousing 720 connected to each other by a hinge section 
730, and has a display 740, a sub display 750, a picture light 
760, and a camera 770. The display 740 or the sub display 750 
is configured of the display panel with a touch detector 
according to the embodiments and others. 
0.132. While the present technology has been described 
with the several embodiments, the modifications, and the 
application examples to electronic units hereinbefore, the 
technology is not limited to the embodiments and others, and 
various modifications or alterations may be made. 
I0133) For example, while the drive electrodes COML are 
provided on the TFT substrate 21 and the pixel electrodes 22 
are provided on the drive electrodes COML with the insulat 
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ing film 23 therebetween in the embodiments and others, this 
is not limitative. Instead, for example, the pixel electrodes 22 
may be provided on the TFT substrate 21, and the drive 
electrodes COML may be provided on the pixel electrodes 22 
with the insulating film 23 therebetween. 
0134) For example, although the liquid crystal display 
device including a transverse electric mode of liquid crystal, 
such as a FFS mode and an IPS mode, is integrated with the 
touch detection device in the embodiments and others, a 
liquid crystal display device including various other modes of 
liquid crystal. Such as a twisted nematic (TN) mode, a vertical 
alignment (VA) mode, and an electrically controlled birefrin 
gence (ECB) mode, may be integrated with the touch detec 
tion device, instead. In the case where such types of liquid 
crystal are used, the display device with a touch detector is 
configured as shown in FIG. 29. FIG. 29 illustrates an exem 
plary sectional structure of a major part of a display device 
with a touch detector 10B according to a modification, and 
illustrates a configuration where a liquid crystal layer 6B is 
sandwiched between a pixel substrate 2B and a counter sub 
strate 3B. Since names, functions, and the like of other sec 
tions are similar to those in FIG. 5, description of them is 
omitted. This exemplary device is different from the device of 
FIG. 5 in that the drive electrodes COML used for both 
display and touch detection are provided on the counter Sub 
Strate 3B. 
0135) In addition, for example, although a so-called in-cell 
type, where a liquid crystal display device is integrated with 
a capacitance-type touch detection device, is used in the 
above-described embodiments and others, this is not limita 
tive. Instead, for example, a so-called on-cell type, where the 
capacitance-type touch detection device is provided on the 
liquid crystal display device, may be used. Alternatively, the 
capacitance-type touch detection device may be separated 
from the display section. 
0136. In addition, for example, although the liquid crystal 
elements are used for the display elements in the above 
described embodiments and others, this is not limitative. 
Instead, electro luminescence (EL) elements may be used, for 
example. 
0.137 It is possible to achieve at least the following con 
figurations from the above-described exemplary embodi 
ments and the modifications of the disclosure. 
0138 (1) A display panel with a touch detector, including: 
0139 a display layer including a plurality of display ele 
ments arranged side by side; and 
0140 an electrode layer alternately segmented into first 
regions and second regions along a first direction, the elec 
trode layer including a plurality of first slits arranged side by 
side to extend in a second direction, and a plurality of second 
slits each allowing an adjacent pair of the plurality of first slits 
in the second regions to be in communication with one 
another. 
0141 (2) The display panel according to (1), further 
including a wiring layer having a plurality of signal lines 
extending in the first direction between the adjacent display 
elements arranged in the second direction, wherein 
0142 one of the second slits is provided in a region cor 
responding to any one of the signal lines. 
0143 (3) The display panel according to (2), wherein the 
one of the second slits is provided every predetermined num 
ber of the signal lines. 
0144 (4) The display panel according to (2) or (3), 
wherein the electrode layer further including a plurality of 
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third slits each disposed not to allow an adjacent pair of the 
first slits in the first regions to be in communication with one 
another. 
0145 (5) The display panel according to (4), wherein one 
of the second slits and one of the third slits are provided in a 
region corresponding to any one of the signal lines. 
0146 (6) The display panel according to (4) or (5), 
wherein the third slits adjacent to each other in the first direc 
tion are provided at different positions in the second direction. 
0147 (7) The display panel according to (6), wherein the 
second slits adjacent to each other in the first direction are 
provided at different positions in the second direction. 
0148 (8) The display panel according to (6), wherein the 
second slits adjacent to each other in the first direction are 
provided at the same positions in the second direction. 
0149 (9) The display panel according to any one of (6) to 
(8), wherein 
0.150 the second slits and the third slits extend in the first 
direction, and 
0151 a width of each of the second slits is equal to a width 
of each of the third slits. 

0152 (10) The display panel according to (4) or (5), 
wherein 

0153 the third slits adjacent to each other in the first direc 
tion are provided at the same positions in the second direc 
tion, and 
0154 the second slits adjacent to each other in the first 
direction are provided at the same positions in the second 
direction. 

0155 (11) The display panel according to (10), wherein 
the second slits and the third slits extend in a third direction 
different from the first direction. 

0156 (12) The display panel according to (10), wherein 
O157 the second slits and the third slits extend in the first 
direction, and 
0158 a width of each of the third slits is larger thana width 
of each of the second slits. 

0159 (13) The display panel according to any one of (1) to 
(12), wherein one of the first slits is provided for every pre 
determined number of the display elements in the first direc 
tion. 

(0160 
0.161 each of the display elements defines a display pixel 
including a red display element, a green display element, and 
a blue display element, and 
0162 the first slits are provided at positions corresponding 
to the blue display elements. 

(14) The display panel according to (13), wherein 

0163 (15) The display panel according to any one of (1) to 
(14), wherein 
0164 the electrode layer includes a plurality of dummy 
electrodes defined by the first and second slits, and 
(0165 
0166 (16) The display panel according to any one of (1) to 
(15), further including drive electrodes extending in a direc 
tion crossing the second direction, wherein 
0.167 the electrode layer includes detection electrodes 
including a plurality of electrode patterns defined by the first 
slits in the first regions, and 
(0168 each of intersections between the detection elec 
trodes and the drive electrodes has capacitance. 

the dummy electrodes are electrically floated. 
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0169 (17) The display panel according to (16), wherein 
each of the display elements includes 
0170 a liquid crystal layer, and 
0171 pixel electrodes provided between the liquid crystal 
layer and the drive electrodes, or disposed to face the liquid 
crystal layer with the drive electrodes in between. 
0172 (18) The display panel according to (16), wherein 
each of the display elements includes 
0173 a liquid crystal layer, and 
0.174 pixel electrodes disposed to face the drive electrodes 
with the liquid crystal layer in between. 
0175 (19) A touch panel including: 
0176 an electrode layer alternately segmented into first 
regions and second regions along a first direction, the elec 
trode layer including a plurality of first slits arranged side by 
side to extend in a second direction, and a plurality of second 
slits allowing the adjacent first slits in the second regions to be 
in communication with one another. 
0177 (20) An electronic unit including a display panel 
with a touch detector, and a control section that performs 
operation control using the display panel with a touch detec 
tor, the display panel including: 
0.178 a display layer including a plurality of display ele 
ments arranged side by side, and 
0179 an electrode layer alternately segmented into first 
regions and second regions along a first direction, the elec 
trode layer including a plurality of first slits arranged side by 
side to extend in a second direction, and a plurality of second 
slits each allowing an adjacent pair of the plurality of first slits 
in the second regions to be in communication with one 
another. 
0180. It should be understood by those skilled in the art 
that various modifications, combinations, Sub-combinations 
and alterations may occur depending on design requirements 
and other factors insofar as they are within the scope of the 
appended claims or the equivalents thereof. 
What is claimed is: 
1. A display panel with a touch detector, comprising: 
a display layer including a plurality of display elements 

arranged side by side; and 
an electrode layer alternately segmented into touch detec 

tion electrode regions and dummy electrode regions 
along a first direction, 

wherein each of the touch detection electrode regions 
includes a touch detection electrode, 

each of the dummy electrode regions includes a plurality of 
dummy electrodes, 

a first slit is disposed between the adjacent dummy elec 
trodes in the second direction in the dummy electrode 
regions, and a second slit is disposed between the adja 
cent dummy electrodes in the first direction in the 
dummy electrode regions, and the touch detection elec 
trode has an opening therein. 

2. The display panel with a touch detector according to 
claim 1, wherein 

one of two parts of the touch detection electrode is posi 
tioned in a first frame region, 

the other of the two parts of the touch detection electrode is 
positioned in a second frame region, and 

a display region is arranged between the first frame region 
and the second frame region. 

3. The display panel with a touch detector according to 
claim 1, further comprising a plurality of dummy electrodes 
arranged in the opening of the touch detection electrode. 
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4. The display panel with a touch detector according to 
claim 1, wherein 

no dummy electrode is arranged between the adjacent two 
touch detection electrode regions. 

5. The display panel according to claim 1, further compris 
ing a wiring layer having a plurality of signal lines extending 
in the first direction between the adjacent display elements 
arranged in the second direction, wherein 

one of the second slits is provided in a region correspond 
ing to anyone of the signal lines. 

6. The display panel according to claim 5, wherein the one 
of the second slits is provided every predetermined number of 
the signal lines. 

7. The display panel according to claim 5, wherein the 
electrode layer further including a plurality of third slits, and 
each of the third slits intersects with only one of the first slits 
in the touch detection electrode regions. 

8. The display panel according to claim 7, wherein one of 
the second slits and one of the third slits are provided in a 
region corresponding to anyone of the signal lines. 

9. The display panel according to claim 8, wherein the third 
slits adjacent to each other in the first direction are provided at 
different positions in the second direction. 

10. The display panel according to claim 9, wherein the 
second slits adjacent to each other in the first direction are 
provided at different positions in the second direction. 

11. The display panel according to claim 9, wherein the 
second slits adjacent to each other in the first direction are 
provided at the same positions in the second direction. 

12. The display panel according to claim 9, wherein 
the second slits and the third slits extend in the first direc 

tion, and 
a width of each of the second slits is equal to a width of each 

of the third slits. 
13. The display panel according to claim 8, wherein 
the third slits adjacent to each other in the first direction are 

provided at the same positions in the second direction, 
and 

the second slits adjacent to each other in the first direction 
are provided at the same positions in the second direc 
tion. 

14. The display panel according to claim 13, wherein the 
second slits and the third slits extend in a third direction 
different from the first direction. 

15. The display panel according to claim 13, wherein 
the second slits and the third slits extend in the first direc 

tion, and 
a width of each of the third slits is larger than a width of 

each of the second slits. 
16. The display panel according to claim 1, wherein one of 

the first slits is provided for every predetermined number of 
the display elements in the first direction. 

17. The display panel according to claim 16, wherein 
each of the display elements defines a display pixel includ 

ing a red display element, a green display element, and a 
blue display element, and 

the first slits are provided at positions corresponding to the 
blue display elements. 

18. The display panel according to claim 1, wherein 
the dummy electrodes are electrically floated. 
19. A touch panel comprising: 
an electrode layer alternately segmented into touch detec 

tion electrode regions and dummy electrode regions 
along a first direction, 
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wherein each of the touch detection electrode regions 
includes a touch detection electrode, 

each of the dummy electrode regions includes a plurality of 
dummy electrodes, 

a first slit is disposed between the adjacent dummy elec 
trodes in the second direction in the dummy electrode 
regions, and a second slit is disposed between the adja 
cent dummy electrodes in the first direction in the 
dummy electrode regions, and 

the touch detection electrode has an opening therein. 
20. An electronic unit including a display panel with a 

touch detector, and a control section that performs operation 
control using the display panel with a touch detector, the 
display panel comprising: 

a display layer including a plurality of display elements 
arranged side by side, and 

an electrode layer alternately segmented into touch detec 
tion electrode regions and dummy electrode regions 
along a first direction, 

wherein each of the touch detection electrode regions 
includes a touch detection electrode, 

each of the dummy electrode regions includes a plurality of 
dummy electrodes, 

a first slit is disposed between the adjacent dummy elec 
trodes in the second direction in the dummy electrode 
regions, and a second slit is disposed between the adja 
cent dummy electrodes in the first direction in the 
dummy electrode regions, and 

the touch detection electrode has an opening therein. 
k k k k k 


